INTRODUCTION
A number of epidemiological studies has demonstrated that skin and lung cancer, including Bowen's disease, are causally associated with exposure to arsenic. An excess of deaths due to respiratory cancer has been observed among workers exposed to inorganic arsenic by inhalation while the producting1,2) or using3) pesticides, mining gold4) and while smelting non-ferrous metals, especially copper.5-7) And population studies in areas of great exposure to environmental arsenic, primarily in water supplies, 8) During 28 of the years from 1920 to 1962, a mining company at a small mountainous village called Toroku in Kyushu, Japan, intermittently produced arsenic trioxide (As203) while refining ores. Not only the workers at the workplace but also the residents living near the mine/refinery have been affected by the arsenic and sulfur oxides discharged by the refinery into the environment, mainly by arsenic pollution in the air and by water contamination downstream from the refinary.10) Hotta et al.11) and Tokudome et al.12) have suggested that the mortality from malignant neoplasms ("cancer" hereinafter) has been increasing among the former workers and the residents of Toroku.
Tokudome et al. reported a case-control study of lung cancer mortality, using mortality cards. They found that the occurrence of lung cancer among males was related not only to smoking habits, but also to their residential history in Toroku and occupational history in the Toroku mine and others. However, in the Toroku area, cancer mortality has not been studied since Tokudome's 1972 study. Toroku is a small village in a narrow valley, dotted with residents' houses along a river, and the closed mine and refinery was located near the residential area.
Roasters and kitchens used for arsenic refinery were primitive ones without desulfurization and dust-collecting systems. Accordingly, effluent gases containing arsenic trioxide and sulfur dioxide were discharged from the stack, so that the whole valley of Toroku was covered by the smoke and the surroundings were exposed to the stack effluents, especially around the refinery. Underground water flowed into the stream from the mine, and part of the slag was thrown into the stream.
The inhabitants living downstream drew water for daily life from the stream which was contaminated by arsenic.10,13) The concentration of arsenic and SO2 in the workplace and the environment was never measured during the period of operation.
In 1972 analyses near the mine and refinery revealed high arsenic contents in the dust from ceiling boards of residences (200-8,000 ppm), neighboring soils (2,760 ppm in average) and percolated water from the slag (180 pprn).10) Methods
In 1972, certification of chronic arsenism began in the polluted area according 
RESULTS
There were 53 deaths in the entire cohort compared with the expected number of 44.53, showing no significant difference. Among the specific causes of death, cancer of the trachea, bronchus and lung ( "lung cancer" hereinafter) (ICD code 162), cancer of the respiratory and intrathoracic organs ( "respiratory cancer" ) (160-165), cancer of the bladder and kidney and other and unspecified urinary organs ( "urinary tract cancer" ) (188-189) and ischemic heart disease (410-414) significantly exceeded the expected value based on the mortality rate in Japan (Tables 2, 3) .
When classified by employment history, the deaths from respiratory and urinary tract cancer in the cohort of former workers were even more significantly excessive (Table 4) .
There were 16 deaths caused by cancer; 8 of these were lung carcinoma and the others were one case each of laryngeal carcinoma, carcinomatous pleuritis, An excess of deaths due to respiratory cancer has been observed among workers exposed to inorganic arsenic by inhalation in the production2,14) and use3) of pesticides and in the smelting5-7) of non-ferrous metals, especially copper. Regarding arsenic exposure by ingestion, increased lung cancer deaths among arsenic poisoning patients or exposed residents have been reported in a few investigations.14-16) IARC's evaluation9) is that there is sufficient evidence that inorganic arsenic compounds are skin and lung carcinogens in humans. But the evaluation about carcinogenecity of the lung is limited to occupational airbone exposure.
The patients in the present study were exposed to arsenic not only by inhalation, but also partly by ingestion.10) The significant excess of lung cancer deaths only among the workers shows that exposure by inhalation was the main cause of these lung cancers, as arsenic concentration is considered to have been higher in the workplace than in the residential area.
There was only one lung cancer death among the unemployed residents a female smoker who died 59 years after the beginning of residence ; but this case was excluded from this study as mentioned above (Table 1 , case 4). Another female smoker, with a smoking index of 450 had resided at 100 meters from the plant and was diagnosed as having squamous cell carcinoma of the lung, accompanied Bowen's disease, after a latency of 47 years.19) However, this case was curatively operated on in 1985 (Table 1 , case 12). IARC9) mentioned that earlier data were inadequate to evaluate the risk of non-occupational exposure to low levels of airborn arsenic. Further observations are needed, not only for former workers but also for unemployed residents in Toroku.
The latent period for respiratory cancer in Toroku ranged from 23 to 63 years. Ltichtrath14) reported that the latency period of lung cancer among Moselle winegrowers was from 18 to 35 years, if the last contact with arsenic was taken as the beginning of the latency period . Kuratsune et al.6) reported that the average latency period of lung cancer among copper smelters was 37.6 years. The National Academy of Sciences20) summarized that excessive respiratory cancer occurred in copper-smelter workers as a function of the magnitude and duration of exposure to arsenic, with latency periods of three to four decades from the time of initial exposure. The mean latency period in the present study seems to be longer than the previous findings. However, Tokudome et al. reported several lung cancer patients died in this area before the beginning of the certification, which started in 1972. So it is possible that the relative risks were underestimated in the present study, making the mean latency period seemingly longer, since the lung cancer cases with short latency period, which died before the beginning of the certification, were not included in calculating the mean latency period.
The smoking rate of male patients was 64.3%, which was lower than the 73.1% of male Japanese in 1980, and the smoking index of seven respiratory cancer cases was less than 1,000. The cause-specific mortality of Japanese, on which the expected number of deaths was based, includes deaths of smokers. So the excess of lung cancer is difficult to explain by smoking factor alone. Pershagen et al.21) in a study of 'copper-smelter workers concluded that a multiplicative effect on lung cancer mortality existed between occupational exposure to arsenic and smoking. Welch et al.17) reported an apparent lack of importance of smoking in the excess of respiratory cancer in a cohort of smelting workers. In the present study, deaths from lung and respiratory cancer showed a significant excess only in the cohort of former workers with smoking history, suggesting an interaction between exposure to arsenic and smoking.
Regarding histological types of arsenical lung cancer, Newman et al.22) reported that there was an excess of poorly differentiated epidermoid bronchogenic carcinoma among smelter workers. In Lu-chtrath's report,14) the distribution of the histological types of arsenical lung cancer was compared with that of large-scale statistics about lung cancer, but no difference was found. It was concluded that the predominance of adenocarcinomas was associated with arsenic exposure among workers at a copPer smelter in the state of Washington.23) Wicks et al.23) suggested that any type of cancer can be increased by inhaled carcinogens, and that each primary agent produces its own characteristic frequency pattern. In the present cohort, five squamous cell carcinomas and one adenocarcinoma were observed.
One case of laryngeal carcinoma has been reported. Ohno et al.24) pointed out that the tumor, present in the middle portion of the supraglottic region, was susceptible to chemical stimulants.
2) Other Cancers in the Toroku Patients.
There were six cancer cases other than respiratory cancer. Chronic arsenism has been associated with cancer of internal organs other than respiratory.1-3,7,9,14-16,20,26) But the causal relationship between arsenic and these internal cancers has not been established epidemiologically.
Two urinary cancer deaths were observed. Both urinary tract cancer cases accompanied by Bowen's disease had occupational histories with the Toroku Mine. Nomura et al.25) suggested that these two urinary cancer were associated with arsenic exposure.
Among 53 certified patients who died, there were 26 cases of Bowen's disease. It was reported that Bowen's disease cases constituted less than 1% of the outpatients in university hospitals in Japan.27,28) In the present study, the prevalence of Bowen's disease was much higher than that. The relationship between skin cancer inclUding Bowen's disease and arsenic exposure has been established. 8 
